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Abstract
Articular cartilage regeneration was and is one of the most controversial topics in human and veterinary 
orthopedic surgery research. Studies on vascularization and joint nutrition represented crucial steps in 
this research. The purpose of this study is the histological evaluation of articular cartilage regeneration 
using AD-DIEE biophytomodulators in surgically induced chondral defects. Identical chondral 
defects were created in 33 common breed rabbits of both genders, aged 8 months. The test subjects 
were divided into 4 groups: a group that was treated with AD-DIEE, biophytomodulators; a reference 
group left untreated and 2 reference groups treated with hyaluronic acid which represents the standard 
treatment at this moment. Cartilage samples for histological study were collected 14, 27 and 60 days 
post-operatory, prepared with Hematoxylin-Eosin and examined with an optical microscope. Results 
showed a fibrous tissue of the cartilage defect in every one of the samples, conjunctive fibrous tissue 
in different developmental stages that filled up the defect’s cavities. We have found more advanced 
healing processes in the group treated with biophytomodulators as compared to the untreated reference 
group, a better chondrocytic organization, the lack of chondral fissures as well as chondral matrix 
normochromia.
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INTRODUCTION
Joint	 cartilage	 is	 one	 of	 the	most	 used	 com-
ponents	of	synovial	joints,	being	the	contact	layer	
between	the	two	ends	of	bone,	it	has	a	variability	
of	 individual	 and	 species	 and	 it	 is	 varying	 in	
thickness,	 cell	 density	 and	 composition	 of	 the	
extracellular	matrix.	(Bruckner	et al.,	1988,	1995,	
2006).	 All	 synovial	 joints	 contain	 joint	 cartilage	
composed	of	 the	same	components	and	 fulfilling	
the	same	role.	(Duncan	et al.,	1987)	The	properties	
that	make	it	special	and	unique	are	its	resistance	
to	pressure,	high	capacity	force	distribution	which	
is	exerted	on	the	 joint	ends	and	wear	resistance.	
(Mackay-Smith	et al,	1962)	Cartilage	is	composed	
of	chondrocytes	embedded	in	an	organized	struc-
ture,	 the	 extracellular	matrix	 composed	 of	 colla-
gen,	proteoglycans,	other	proteins,	ions	and	water.	
(McIlwraith	et al,	1982).
Between	 the	 extracellular	 matrix	 and	 chon-
drocytes	 there	 are	 varied	 interactions,	 enabling	
normal	operation	of	cartilage	and	maintenance	of	
the	integrity	of	the	cartilage	tissue.
Posttraumatic	 repair	 and	 regeneration	 of	
adult	joint	cartilage	are	minimal,	the	tissue	having	
the	 ability	 to	 fix	 itself	 through	 the	 restitutio	 ad	
integrum,	 structural	 alterations	 are	 irreversible	
once	 they	have	appeared	on	cartilaginous	 tissue.	
(Nilsson	G.	et al,	1999)
44
Bulletin UASVM Veterinary Medicine 71 (1) / 2014
CRECAN et al
Numerous	 studies	 have	 been	 conducted	
to	 better	 understand	 the	 processes	 leading	 to	
cartilage	degradation	and	altered	composition	and	
processes	related	to	the	repair	and	regeneration	of	
cartilage	to	restore	its	function.	(McIlwraith	et al.,	
1987)
MATERIALS AND METHODS
The	 study	 included	 a	 total	 of	 33	 rabbits	 of	
common	breed,	aged	eight	months,	with	the	same	
origin,	who	have	had	the	same	growing	conditions	
and	 care	 before	 and	 throughout	 the	 experiment.	
We	 used	 materials	 and	 specific	 surgical	 instru-
ments:	 scalpels,	 scissors,	 hemostatic	 forceps,	 ne-
edle	 holders,	 sterile	 fields,	 absorbable	 and	 non	
absorbable	suture	materials,	enrofloxacin	5%	(5%	
Enroxil	®	KRKA),	dental	bur,	disposable	syringes	
and	 needles,	 saline,	 hyaluronic	 acid	 10	mg	 /	ml	
(Hyalgan	®,	Fidia	Farmaceutici),	specific	reactive	
for	 histological	 processing.	 The	 animals	 in	 the	
study	have	had	articular	cartilage	lesions	induced	
in	the	stifle	joint,	 in	the	passage	of	trochleae	and	
lateral	femoral	condyle	area	(Figure	1.).	Cartilage	
defects	were	identical,	with	a	length	of	4.4	mm	and	
a	depth	of	0.2	mm	(Fig.	2.).
For	 surgery,	 the	 animals	 were	 subjected	 to	
general	 anesthesia	 using	 ketamine	 35	 mg	 /	 kg	
and	xylazine	4	mg	/	kg.	The	skin	was	 incised	on	
the	side	of	the	stifle	joint	where	the	joint	capsule	
and	side	femoral-patellar	ligament	were	exposed.	
The	 capsule	 was	 incised	 longitudinally	 with	 the	
expression	 of	 synovial	 fluid	 and	 of	 the	 chondral	
surface.	
To	highlight	the	place	of	choice	for	performing	
the	 defect,	 the	 patella	 was	 sprained	 medially.	
Chondral	 defects	 have	 been	 performed	 by	
means	of	 a	dental	drill	 of	0,2	/	4,4	mm.	Surgical	
reconstruction	 was	 performed	 on	 two	 layers:	
the	joint	capsule	was	sutured	continuously	using	
polyglycolic	 acid	 3.0	 (Fig.	 3.)	 and	 the	 skin	 was	
sutured	 in	 separate	 points	with	 2.0	 surgical	 silk	
(Fig.	4.).	The	rabbits	were	randomly	divided	 into	
four	groups:	group	M	(control)	BF	group	(treated	
with	 biofitomodulators),	 group	 H	 (hyaluronic	
acid-	 treated	 control),	 HS	 group	 (treated	 with	
hyaluronic	acid	in	a	bleeding	environment).
Fig. 1 The site of the defect
Fig. 3 Suturing	the	joint	capsule
Fig. 2 Removal	of	the	cartilage Fig. 4	Skin	suture
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Animals	in	the	BF	group	had	three	DIEE	bio-
fitomodulators	 applied,	 protected	 with	 tape	 and	
fixed	by	a	3-point	suture	in	the	skin	with	non	absor-
bable	materials	(Fig.	5),	secured	with	a	protective	
dressing	 in	 the	 upper	 cervical	 area.	 Protective	
dressing	 has	 been	 applied	 to	 all	 the	 individual	
subjects	to	induce	the	same	level	of	stress.	Animals	
in	the	HS	group	had	5	mg	hyaluronic	acid	injected	
intra-articular	immediately	after	surgery	(Fig.	6.).	
Animals	 in	 group	 H	 have	 been	 injected	 5	
mg	 of	 hyaluronic	 acid	 five	 days	 after	 surgery,	
according	 to	 the	 manufacturer’s	 indications.	 All	
individuals	 were	 subjected	 to	 antibiotic	 therapy,	
enrofloxacin	25	mg	/	animal,	which	were	weighed;	
temperature	 was	 taken,	 and	 the	 animals	 were	
clinically	evaluated	for	7	days	post-operatively.	All	
animals	were	housed,	cared	for	and	fed	identically.	
Evaluation	of	 the	results	was	done	by	harvesting	
the	 lesion	 area	 after	 animal	 euthanasia,	 by	 the	
laws	 in	 force,	every	14,	27	and	60	days	 from	the	
occurrence	 of	 defects.	 In	 the	 case	 of	 the	 group	
H,	 sampling	 was	 made	 5	 days	 later,	 so	 that	 the	
period	of	time	after	the	treatment	application	was	
identical.	 	The	harvested	parts	were	 fixed	 for	24	
hours	in	10%	formalin,	and	decalcified	with	20%	
trichloroacetic	acid,	washed	with	tap	water	for	24	
hours,	 dehydrated	 in	 alcohol,	 cleared	with	 butyl	
alcohol	(n-butanol)	and	included	in	paraffin	at	57	°	
C.	Sections	with	a	thickness	of	5	mm,	stained	with	
hematoxylin-eosin	method	were	examined	by	light	
microscopy	 (Olympus	®	 BX41	 camera	 equipped	
with	DP	25	and	 image	processing	software	CELL	
B	-	Olympus)	(CRECAN,	2012).
RESULTS AND DISCUSSIONS 
Control group. In	all	histopathological	samples	
in	 this	 group	 we	 identified	 a	 connective	 matrix	
of	 similar	 size.	 Localized	 mucosal	 conjunctive	
perilesional	tissue,	(Fig.	8).	cartilage	cells	arranged	
in	chondrones,	multiple	cartilaginous	cracks	(Fig.	
7),	early	cartilaginous	metaplasia	(Fig.	10).
	Reparative	processes	that	are	underway	can	
be	observed,	but	 in	a	relatively	early	stage,	 large	
numbers	 of	 active	 fibroblasts	 and	 relatively	 thin	
collagen	fibers	(Fig.	9).
Histopathological	Study	on	the	Influence	of	AD	DIEE	Biophytomodulators	on	Cartilage	Regeneration
Fig. 7. Chondral	cracks
Fig.8 Perilesional	abundant	conjunctive	
matrix	with	mucoid	cells
Fig. 5 Securing	the	biophytomodulators Fig. 6 Injecting	hialuronic	acid
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(Figure	11),	 fully	occupying	 the	deep	part	of	 the	
defect,	in	the	defect	interior	one	can	observe	adult	
fibrous	 tissue	 with	 some	 chondroid	 metaplasia	
started	 (Fig.	 15)	 from	 the	marginal	 areas	 to	 the	
center	of	the	defect	(Fig.	16).
Defect	size	 is	much	smaller	compared	 to	 the	
untreated	control	group	(Fig.	12).	
Fig. 9 Conjunctive	matrix	with	active	fibroblasts
Fig. 11	Abundant	fibrous	pannus	
and	condroidal		metaplasia
Fig. 13  Chondrocytes	arrangement	in	cords
Fig. 10	Cells	arranged	in	chondrons,	
hyperchrome	matrix
Fig. 12 Lesion	outbreaks,	hyperchrome	matrix
Fig. 14	Basophilic	cells	arranged	in	nests,	matrix
Biophytomodulator treated group. Near	
the	 hypercellular	 defect,	 layers	 of	 chondrocytes	
are	 arranged	 in	 nests	 up	 in	 the	 vicinity	 of	 the	
defect	zone,	the	chondroid	matrix	near	the	defect	
is	 intensely	 basophilic	 (Fig.	 14),	 hyperchrome,	
pne	 can	notice	 the	 lack	of	 cartilage	 fissure	 lines,	
the	number	of	chondrocytes	in	different	stages	of	
necrosis	 is	 very	 small,	 abundant	 fibrous	 pannus	
CRECAN et al
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Group H and HS. Following	 the	 histological	
examination,	 a	 well-developed	 chondrocyte	 ma-
trix	was	observed	(Fig.	18),	surface	irregularities,	
fragmentation	of	 fibrous	tissue,	 foci	of	neovascu-
larisation	 (Fig.	 17),	 mucous	 conjunctive	 tissue	
and	 cartilaginous	 metaplasia	 similar	 to	 the	 BF	
group	 (Fig.20). The	 defect	 cavity	was	 filled	with	
cartilaginous	 tissue	 (hyaline)	 (Fig.19)	 with	
chondrocytes	arranged	in	the	form	of	disorganized	
groups	 with	 arrangement	 in	 the	 form	 of	 cords	
Fig. 17 Fragmentation	of	fibrous	tissue,	
outbreaks	of	neovascularisation
Fig. 19 Defect	cavity	filled	with	hyaline	cartilage
Fig.	21 Condrocyte matrix surface, 
well	developed	irregularities	
Fig. 18 Condrocyte	matrix	well	developed
Fig. 20	Fragmentation	of	fibrous	tissue,	
connective	based	mucosal	tissue	and	cartilaginous	
metaplasia	similar	to	the	BF	group.
Fig. 22	Island-shaped	bone	matrix,	
deep	bone	metaplasia.
(Fig.22)	the	chondroid	matrix	had	heterochromia	
(hypochromic	aspect	in	most	areas,	hyperchrome	
on	 the	 surface),	 fibrillar.	 It	 contains	 island	
shape	 bone	 matrix	 in	 the	 deep	 third	 with	 focal	
bone	 metaplasia	 (Fig.	 22). Few	 crack	 lines	 with	
horizontal	arrangement	between	the	base	of	joint	
cartilage	subchindral	bone	with	few	chon-drocytes	
in	necrosis,	arranged	in	the	form	of	groups	in	the	
immediate	vicinity	of	the	defect.	
Histopathological	Study	on	the	Influence	of	AD	DIEE	Biophytomodulators	on	Cartilage	Regeneration
48
Bulletin UASVM Veterinary Medicine 71 (1) / 2014
CONCLUSIONS
Following	this	study	we	conclude	the	following:	
The	 experimental	 model	 used	 was	 found	 to	 be	
useful	for	the	study	of	chondral	defects	in	synovial	
joints.	Reparative	processes	 in	 the	group	 treated	
with	 biofitomodulators	 were	 identified	 in	 more	
advanced	 developmental	 stages	 compared	 with	
the	untreated	control	group.
In	 the	 group	H	 and	HS	 reparative	 processes	
were	 similar	 to	 those	 present	 in	 group	 BF	 and	
more	 advanced	 than	 in	 group	 M.	 The	 results	
obtained	in	this	study	are	encouraging	for	further	
research	on	the	effect	of	AD	biofitomodulatorilos	
in	joint	therapy.	
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